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Abstract: Cholera toxin (CT) and Escherichia coli heat-labile enterotoxin 
(LT) ave'the strongest mucosal immunogens identified to date and are 
also oood adjuvants when given ovally together in combination with 
unrelated antigens. We used these potent immunogens to monitor focal 
ancr systemic immune responses following oral immunization of BALB/c 
mice, and compared their action on the following: (a) immunoglobulin 
^production rates (IgG, IgM and IgA) in mucosal inductive (Peyer's 
/patches-PPs) , effector (intestinal lamina propria-LP, respiratory 
/ tract) and systemic (spleen) sites; (b) analysis of systemic 
/ antigen-specific antibodies (IgG subclasses, IgA and IgE) ; (c) time 

/ monitoring of fecal anti-CT and anti-LT antibodies, and (d) in vivo 
relevance of interleukin-6 (IL-6) to mucosal responses. Both mucosal 
immunogens elicited specific antibody responses (IgA, IgG) not only in 
the gastrointestinal tract (PP's and intestinal LP), but also in the 
respiratory tract and spleens of orally immunized mice. These mucosal 
responses were accompained by elevated secretion of IL-6 in all 
investigated tissues, indicating involvement of this cytokine in B-cell 
maturation processes. Furthermore, oral immunization with CT and LT 
induced elevated serum titers of IgGl followed by IgG2a, IgG2b, IgG3 
and IgA, while high antigen-specific IgA and IgGl responses were found 
in fecal extracts. These findings illustrate the action of orally 
administered CT and LT, respectively, on several humoral and cellular 
immune responses not only at the gastrointestinal tract, the 
application sire, but also in distant mucosal effector sites such as 
the respiratory tract. These data suggest the potential use of these 
mucosal adjuvants in oral immunization strategies to improve the local 
immune response in remote mucosal tissues, in accordance with the 
concept of a common mucosa-associated immune system. Copyright (C) 1996 
Elsevier Science Ltd. 
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ABSTRACT: In the present study, we have investigated the T cell response to 
the HBsAg , normally secreted as multivalent particles , and to 
beta-galactosidase, a cytoplasmic antigen, delivered as plasmid DNAs . We 
found that cytokines characteristic of a Thl phenotype are produced in 
mice immunized by these plasmid DNAs. Using repeated injections of low 
doses of purified antigen, we demonstrated that neither prolonged 
presence of the antigen nor site of immunization resulted in an immune 
response with characteristics resembling those obtained with DNA-mediated 
immunization. Analysis of immune responses induced in mice by coinjection 
of plasmid DNA and beta-galactosidase or HBsAg demonstrated that the 
coinjected DNA stimulated a Thl response against the injected antigen. 
These data therefore strongly suggest that the strong immune response 
obtained after intramuscular DNA immunization was due to the adjuvant 
effect of the plasmid DNA which is also responsible for the selective 
activation of CD4 + T cells with a Thl phenotype. 
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Intramuscular (i.m.) or s.c. injection of plasmid DNA encoding hepatitis a 
small surface antigen ( HBsAg ) primes potent MHC I-restricted cytotoxic T 
lymphocyte (CTL) responses in H-2 (d) (BALB/c) and H-2sup b (C57BL/6) mice. 
In contrast, i.m. or s.c. injection of exogenous HBsAg particles 
without adjuvants primes CTL responses in 'high responder' H-2 (d) but not 
'low responder 1 H-2sup b mice. We have shown that processing of exogenous 
but not endogenous HBsAg generates the Ksup b-binding S208-215 peptide 
ILSPFLPL. This system allowed us to optimize conditions for stimulating 
murine CTL responses to exogenous antigen by identifying adjuvants that 
facilitate priming of Ksup b-restricted CTL by injecting recombinant HBsAg 

particles into 1 low responder' H-2sup b mice. Synthetic 
oligodeoxynucleotides with immunostimulating sequences or the recombinant 
cytokine IL-12 efficiently enhanced priming of CTL to exogenous HBsAg . 
Hence, the adjuvanticity of DNA sequences that induce T(h)l cytokines 
facilitate priming of MHC I-restricted T cell responses to exogenous 
antigen and are therefore of potential value in formulating vaccines 
designed to enhance CTL priming to exogenous antigen. 
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Adjuvants are a neglected aspect of vaccine formulations, prudent 
choice of which can enhance the immune response both quantitatively and 
qualitatively. This review details the evolution and current range of 
adjuvants, particularly those in clinical trials. The components of 
different adjuvants are outlined and the manner in which they are thought 
to work is discussed. Antigen processing is an essential requirement of any 
immune response and these mechanisms are discussed in the context of 
adjuvant action. . \ 




